The study was designed to examine the chemical composition and antimicrobial activities of essential oils extracted from the aerial parts of three Piper species: Piper abbreviatum, P. erecticaule and P. lanatum, all from Malaysia. GC and GC/MS analysis showed qualitative and quantitative differences between these oils. GC and GC-MS analysis of P. abbreviatum, P. erecticaule and P. lanatum oils resulted in the identification of 33, 35 and 39 components, representing 70.5%, 63.4% and 78.2% of the components, respectively. The major components of P. abbreviatum oil were spathulenol (11.2%), (E)-nerolidol (8.5%) and β-caryophyllene (7.8%), whereas P. erecticaule oil mainly contained β-caryophyllene (5.7%) and spathulenol (5.1%). Borneol (7.5%), β-caryophyllene (6.6%) and α-amorphene (5.6%) were the most abundant components in P. lanatum oil. Antimicrobial activity was carried out using disc diffusion and broth microdilution method against nine microorganisms. All of the essential oils displayed weak activity towards Gram-positive bacteria with MIC values in the range 250-500 µg/mL. P. erecticaule oil showed the best activity on Aspergillus niger (MIC 31.3 µg/mL), followed by P. lanatum oil (MIC 62.5 µg/mL). This study demonstrated that the essential oils have potential as antimicrobial agents and may be useful in the pharmaceutical and cosmetics industries.
The genus Piper belongs to the Piperaceae family, comprising five genera and approximately 1400 species distributed throughout the tropical and subtropical regions [1] . Piper species are used in traditional remedies in the Indian Ayurvedic system of medicine and in folklore medicine of Latin America and the West Indies [2] . Piper species have been investigated as a source of new natural products with potential antioxidant [3] , antimicrobial [4] , antifungal [5] , anti-inflammatory [6] , antileishmanial [7] and insecticidal activities [8] . In recent years, several reports have been published regarding the composition and the biological activities of the essential oils of Piper species. These studies have highlighted the existence of marked chemical differences among oils extracted from different species or varieties. The chemical diversity observed in these oils can influence their biological activity, which is generally a function of three factors: genetics, physiological conditions and environment [9] . P. abbreviatum, which grows in Indonesia and the Philippines, is a branching climber hugging trees with pendent lateral branches. The stems are fissured longitudinally, rooting and articulated. The leaves are simple, spiral and exstipulate. In the Philippines, a paste of its leaves is used externally to treat splenomegaly [10] . P. erecticaule commonly known as 'lada hutan', is a shrubby, woody herb. The leaves are rather thin, and chartaceous, the underside of which is glaucous [11] . P. lanatum is locally known as 'chabai hutan' or 'akar kalong' [12] . The medicinal properties of this plant have not been studied. As part of an exhaustive research of the composition of the essential oils of the aromatic and medicinal plants from Malaysia, we report herein the results of the microbial properties of the oils of three Piper species, P. abbreviatum, P. erecticaule and P. lanatum, for which no data have been previously reported.
The hydrodistillation of aerial parts of P. abbreviatum, P. erecticaule and P. lanatum gave pale yellow oils with a pungent smell in mean yields of 0.22%, 0.18% and 0.25% (w/w), respectively. The essential oil components were identified on the basis of their RI values and by comparison of their mass spectra with those reported in the literature [13] . The chemical compositions of the essential oils are presented in Table 1 . Thirty three components were identified from the essential oil of P. abbreviatum, representing 70.5% of the total oil, among which spathulenol (11.2%), (E)-nerolidol (8.5%), β-caryophyllene (7.8%) and ar-curcumene (5.8%) were the major components. From the essential oil of P. erecticaule, thirty five components were identified (63.4%) of which β-caryophyllene (5.7%), spathulenol (5.1%), β-cadinene (3.8%) and α-amorphene (3.8%) were the major components. The essential oil of P. lanatum yielded thirty nine components, which represented 78.2% of the total oil, with borneol (7.5%), caryophyllene oxide (6.6%) and α-amorphene (5.6%) identified as the most abundant. Jantan et al. [14] have reported that the essential oil of P. lanatum contains chavibetol (42.7% of the oil) as the major component. However, this component was not detected in this current oil. The differences in the composition of the essential oils may be due to variations in environmental parameters, such as irradiance, climate, nutrients, soil water availability, or to seasonal adaptations. It is well known that medicinal plant materials derived from the same species can show significant differences in quality when collected at different sites, owing to the influence of soil, climate, and other factors. These differences may also relate to physical appearance or to variations in their constituents, the biosynthesis of which may be affected by extrinsic environmental conditions, including ecological and geographical variables [15] . In all cases, in this study, the most abundant group components were the sesquiterpene hydrocarbons (41.9-53.9%), followed by the oxygenated sesquiterpenes (6.6-25.2%). A large number of studies have reported that the essential oils of Piper species are among the most potent essential oils with regard to their antimicrobial properties which have been confirmed in this study [16] [17] [18] [19] [20] [21] . These essential oils were tested in both disc-diffusion and broth micro-dilution assays against a panel of microorganisms including six bacterial strains and three fungal. The results obtained along with the activity (Minimum Inhibitory Concentration) for the standard antibiotics are presented in Table 2 .
NPC Natural Product Communications
The results of the antimicrobial activity showed that the oils of P. erecticaule and P. lanatum exhibited the best activity towards Aspergillus niger with MIC values of 31.3 µg/mL and 62.5 µg/mL, respectively. Previous studies on the single compound showed that 1,8-cineole, myrcene, α-pinene, β-pinene and camphor are the most frequently found components in different essential oils, and were associated with antifungal activity. However, these components were absent in the currently investigated oils. It is therefore evident that the antifungal activity of the essential oil does not depend solely on these compounds, and it is reasonable to assume that it results from synergic activity of all the components present in the oil [22] . The essential oils of P. abbreviatum and P. lanatum showed weak activity towards all Gram-positive bacteria (Bacillus cereus, Staphylococcus aureus, and Enterococcus faecalis) with MIC values of 250 µg/mL. The essential oils showed even weaker activity against Gram-negative bacteria with MIC values in the range 500-1000 µg/mL. These results are consistent with previous reports in the literature indicating that Gram-positive bacteria are more susceptible to essential oils than Gram-negative bacteria [23] . Among volatile constituents, phenolics (thymol, carvacrol, eugenol) and oxygenated monoterpenes (α-terpineol, terpinen-4-ol, linalool) have been reported to possess not only strong antimicrobial effects, but also a wide spectrum of activity. The lack of activity against these microbial strains might be due to the high content of monoterpene hydrocarbons in the essential oils. The low antimicrobial activity of hydrocarbons has been attributed to their low hydrogen bound capacity and water solubility [24] . 
Solvents and chemicals:
Analytical grade methanol, ethanol and dimethylsulfoxide (DMSO), HPLC grade chloroform, magnesium sulphate, nutrient agar (NA), nutrient broth (NB), sobouraud dextrose agar (SDA), and sobouraud dextrose broth (SDB) were purchased from Merck (Germany). Stretopmycin sulfate, and nystatin were purchased from Oxoid (Italy). All tested microorganism were purchased from Mutiara Scientific (Malaysia). 
